Introduction
Many different cell types, including neutrophils, release arachidonic acid in response to receptormediated stimulation. The fatty acid can act either as an intracellular second messenger or it can be metabolized to biologically active eicosanoids. The key enzyme responsible for mobilizing arachidonate is phospholipase A,. Release of arachidonate is from phospholipids, principally phosphatidylcholine, phosphatidylethanolamine and phosphatidylinositol.
Many receptors activate three phospholipases (C, A, and D), when stimulated by an agonist. The coupling of phospholipase C to receptors via G-proteins is well documented, but our knowledge of the regulation of phospholipase A, is less well understood. Early studies suggested that phospholipase A, activation was a consequence of second messengers generated by phospholipase C activation. Phospholipase A, is stimulated in vitro by Ca2+ in the millimolar range, but, nevertheless, it has been commonly assumed that Ca2+ is the major regulator of activity in vivo. Synergistic activation of arachidonate release by micromolar levels of Ca2+ and the protein kinase C activator, phorbol 13-myristate 12-acetate (PMA), has also been documented for many cell types. However, more recent work indicates that phospholipase A, activation is regulated via a G-protein analogous to phospholipase C regulation.
The evidence that phospholipase A, may be regulated by G-proteins has been accumulating for Pertussis toxin is known to ADP-ribosylate the G-proteins of the Gi family as well as Go. From this observation, it was suggested that the receptor was coupled to phospholipase A, via a G-protein, designated G, [3] . Another indicator that phospholipase A, is regulated by G-proteins was the observation that activators of G-proteins, such as GTP analogues or fluoride, were able to stimulate arachidonate release. Table 1 summarizes the evidence supporting a role for G-protein regulation of phospholipase A,. Many receptors that are known to activate phospholipase A, are also coupled to phospholipase C. Since the products of phospholipase C activation may, in principle, stimulate phospholipase A,, it is important to discriminate between sequential activation as opposed to parallel activation of the two lipases. The following evidence supports parallel activation: (i) pertussis toxin selectively inhibits phospholipase A, activation without impairing phospholipase C activation [3, 41; (ii) neomycin selectively inhibits phospholipase C activation (by substrate sequestration) [ 31 without impairing phospholipase A,; and (iii) PMA, an activator of protein kinase C, inhibits phospholipase C activation without affecting the stimulation of phospholipase A, [3, Because protein kinase C activation itself is a consequence of phospholipase C activation, and PMA can substitute for the endogenously generated diacylglycerol, experiments with PMA do not exclude the obligatory requirement for stimulation of phospholipase C in order to switch on phospho-51. 
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- Table I Systems where it has been shown that phospholipase A, can be regulated by a G-protein
In all these cell types the receptor-mediated phospholipase A, stimulation can be inhibited by pertussis toxin pretreatment, indicating that the G-protein involved belongs to the G, family.
FMRFamide, Phe-Met-Arg-Phe-amide. *Nielson & Cockcroft.
-7
-
x 2

E! Y
-
?5
4
I -I
-
-(4 
GTP[S]
Fluoride ~3 1 Lipopolysaccharide [6] lipase A,. Only the experiment using neomycin demonstrates conclusively that the activation of the two lipases is independent. Are there any agonists that are exclusively linked to phospholipase A2 activation? Lipopolysaccharide appears to fall into this category. It stimulates phospholipase A, in mesangial cells in a pertussis-toxin-sensitive manner without affecting phospholipase C activation [6] .
To study the relative contribution by these two mechanisms, we have examined the regulation of phospholipase A2 activity in streptolysin-0-permeabilized neutrophils and HL60 cells. Our findings suggest that phospholipase A, activation is under dual regulation. Although Ca2+ and protein kinase C activation can regulate phospholipase A, activity, it is apparent that a G-protein is also involved. The contribution by the two pathways with a physiological stimulus would suggest that at least 50% of the arachidonate released could be accounted for by direct coupling of G-protein to phospholipase A,. However, a requirement for Ca2+ in the micromolar range was obligatory and this would suggest that a prior activation of phospholipase C was necessary for phospholipase A2 activation to occur. 
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well as phospholipase C activation in intact neutrophils. The optimal rise in cytosolic Ca2+ achieved by both agonists is similar, yet Met-Leu-Phe is better than ATP in stimulating arachidonate release. 
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Is phospholipase A, activation regulated by G-proteins
G-proteins can be directly activated using nonhydrolysable analogues of GTP or fluoride. GTP analogues, guanosine
5'-[ y-thioltriphosphate (GTP[S])
, guanosine 5'-[/l, y-imidoltriphosphate (GppNHp) and guanosine 5'-[ a#-methyleneltriphosphate (GppCH,p) were found to be potent activators of phospholipase A2 in streptolysin-0-permeabilized neutrophils and HL60 cells (Fig. 2a) . GTP analogues were able to stimulate arachidonate release optimally, provided that 1 pM-Ca2+ was also present. At 10 pM-Ca2+, all three analogues showed a smaller stimulation; the reason for this is not clear. Fluoride was also able to stimulate arachidonate release in intact cells (Fig. Zb) . Interestingly, pertussis toxin pretreatment only marginally inhibited fluoride-stimulated arachidonate acid release (Fig. 2b) . This is in contrast to the results reported previously on guinea-pig neutrophils [7] .
Both GTP analogues and fluoride are also This would argue that although phospholipase C activation does not necessarily lead to phospholipase A, activation as discussed above, an obligatory requirement for phospholipase C activation cannot be excluded.
To examine further the relationship between the two lipases, the requirement of MgATP for phospholipase A, activation was assessed. We have previously shown that phospholipase C activation Met-Leu-Phe can also stimulate phospholipase A2 activation in permeabilized human neutrophils, providing that Ca2+ in the micromolar range is available (Fig. la) . In contrast to GTP[S], the response to Met-Leu-Phe is only reduced by 50% when MgATP is excluded (cf. Figs. l a and b) .
Because the Met-Leu-Phe-induced responses are inhibited by treatment with pertussis toxin, it is concluded that the response stimulated with Met-LeuPhe in the absence of MgATP must be regulated by a G-protein belonging to the Gi family.
It is clear that there is a component of phospholipase A, activation that appears to be controlled by Ca2+ /protein kinase C. The contribution by this pathway can be viewed as positive feedback, analogous to the Ca2+-dependent stimulation of phospholipase C. Arachidonic acid is a potential protein kinase activator [9] and has the ability to release cytosolic Ca2+ [ 101. A possible mechanism regulating phospholipase A, activation by protein kinase could be phosphorylation of an inhibitory constraint. Touqui et al. [ l l ] have put forward a model of phospholipase A, activation whereby it is suggested that phosphorylation of lipocortin removes an inhibitory constraint from the phospholipase A,, thus allowing it to be activated. Lipocortins have been shown to be substrates for protein kinase C in human neutrophils [ 121.
Conclusions
Phospholipase A, activation in neutrophils is under dual regulation. Met-Leu-Phe can activate arachidonate release by two mechanisms: a Gprotein-dependent pathway and a Ca2+ /proteinkinase-C-regulated pathway. The relative contributions of these pathways in Met-Leu-Phe-stimulated phospholipase A, activation appear to be equal. It is important to stress, however, that in intact cells, activation of phospholipase A, may be subsequent to phospholipase C activation, since 1 pM-Caz+ appears to be required for Met-Leu-Phe to stimulate phospholipase A,.
